Ontogenetic Alterations in Tyrosinase Activity**From the Department of Biology, Wayne State University, Detroit, Michigan.††Contribution 178, Department of Biology.  by Chen, Yu Min & Chavin, Walter
Tug JOURNAL OF INVESTIGATIVE DERMATOLOGY
Copyright 1000 by The Williams & Wilkins Co.
Vol. 50, No. 4
Printed sn U.S.A.
ONTOGENETIC ALTERATIONS IN TYROSINASE ACTIVITYF t
YE MIN CHEN, Pn.D. AND WALTER CHAVIN, Pn.D.
Recently, a number of Variables baVe been
found to affect skin tyrosinase levels. The
enzymic activity is correlated with the de-
gree of melanin pigmentation among various
color varieties of goldfish as well as within a
given variety (1). This correlation is present
both in the subcellular distribution of tyro-
sinasc activity in such color varieties and
anatomically within a given variety (1, 2).
In addition, small black goldfish have higher
intcgumcntal tyrosinasc activity levels than
large fish, suggesting that age also may be a
factor affecting enzymic activity. As the black
rat is born in a relatively unpigmented
state, it was considered of interest to deter-
mine the possible alterations in tyrosinase
activity and distribution (subcellular and
anatomic) as correlated with age and integ-
umental melanin. The present report demon-
strates the appearance of a temporary peak of
enzymic activity in young rats and the rela-
tion of enzymic activity to the development
of melanin granules in the hair follicles.
MATE1IIAL5 AND METH0a5
A total of 64 black rats of an inbred strain
originally derived from Brown University was
utilized. Four animals in each of a given series
of age groups as indicated in Table I were
sacrificed by decapitation and rapidly skinned.
Each skin was divided into dorsal and ventral
regions, weighed, and a small portion of each
region fixed in Bouin's fluid for histologic study.
Tho skins were frozen (—27° C) for several weeks,
minced on dry ice, homogenized in an ice-chilled
micro-Waring blendor with 0.1 M phosphate
buffer, and finely ground in a chilled pyrex tissue
grinder. The tissue to buffer ratio was 1:40.
A portion of the skin homogenate was frac-
tionated and both homogenate and fractions were
assayed for tyrosinase (3) (Table II). In addition,
to provide similar conditions for homogenate and
fractions, a revised procedure was introduced and
compared with tho original method (3). In the
revised procedure, the incubation mixture for the
particulate fraction contained the active par-
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ticulate fraction plus heat-inactivated soluble
fraction and, conversely, the soluble fraction was
assayed in the presence of heat-inactivated par-
ticulate fraction. The controls for the fraction
assays consisted of the combined heat-inactivated
fractions. It is clear that the enzymic activity of
the homogenate, whether low or high, remained
the same when determined by either procedure
(Table II). Further, with sufficiently high enzyme
titers, as present in the particulate and soluble
fractions of preparations 3 and 4, the findings are
similar with either method of assay. However, in
those fractions with very low tyrosinase levels
(preparations 1 and 2) the revised procedure yields
more reasonable enzymic activity levels (Table
II). Thus, the latter procedure was utilized
throughout this study.
The conversion of L-tyrosine-14C was corrected
for decarboxylation, and calculation of tyrosinase
units and specific activity (see Table III, foot-
notes b and c) included previously described
factors (1—4). The incorporation of tyrosine car-
boxyl groups into melanin for the rat was deter-
mined (4). All enzymic reactions were dopa de-
pendent and were inhibited completely by sodium
diethyldithiocarbamate. The methodology for pro-
tein nitrogen determinations and statistical analy-
sis has been reported (3).
The Bouin's fluid fixed skin from the dorsal and
ventral regions of each rat was sectioned at 10 j.e
and stained with hematoxylin and eosin.
RE5ULT5
Although both body weight and skin weight
increased with age (Table I), the skin-body
weight ratio increased to a maximum at 9—13
days and then returned to the initial propor-
tions. Interestingly, integumental tyrosinase
was also high at these times (Table III).
At all ages, the total tyrosinase activity was
higher in the dorsal skin than in the ventral
skin (Fig. 1). The total tyrosinase activity
per rat, dorsal or ventral skin, was highest
at 13 days of age and smallest at birth. At
13 days, 70% of the total tyrosinase activity
was in the dorsal skin. The total tyrosinase
activity per unit mass of dorsal skin was
highest at 11 days of age (Fig. 2). Although
an incremental increase in the total activity
per rat after 27 days possibly resulting from
increased size was present, the total activity
289
per unit mass of skin, body weight, dorsal or
ventral skin remained fairly constant.
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Comparison of tyrosinase
TABLE II
activity levels in fonr black rat skin enzyme preparations as determined with the
use of two types of control proceduresa
Enzyme preparation
Tyrosinase activity, cpss
Homogenate Particulate fraction Soluble fraction
H H Net P F Net S S Net
1 (1, V)b 230
2 (69, D) 213
3 (7, D) 985
4 (9, D) 1008
P+S
1 (1, V) 248
2 (69, D) 227
3 (7, D) 1006
4 (9, D) 1027
189
158
190
193
41
55
795
815
301
282
980
984
220
191
215
214
81
91
765
770
103
105
175
190
145
140
140
145
—42
—35
35
45
F+S Net P+S F+S Net P+S F+S Net
—2
—1
33
45
205
171
206
212
43
56
800
815
245
228
974
991
205
171
206
212
40
57
768
779
203
170
239
257
205
171
206
212
H, homogenate; H, haat-inactivated homogenate.
P, particulate fraction; P, heat-inactivated particulate fraction.
8, soluble fraction; 8, heat-inactivated soluble fraction.
b Age (days) and skin region (D, dorsal; \T, ventral).
Dorsal Ventral
Very low intcgumental tyrosinase levels was 11.3% of the maximal enzymic activity
were present at birth in both the dorsal and occurring in the 5—13 day age group and was
ventral integument (Table III). The dorsal considerably higher than that occurring in
tyrosinase activity (118 17 T.TJ./mg skin) the ventral skin. Only 2.7% of the maximal
ventral tyrosinase activity which occurred
TABLE i in the 8—13 day age group was present at
Age dependent alterations in .skin weight and total
weight of black rats
birth. Histologically, the small quantity of
melanin present in the dorsal hair follicles
(Fig. 3) was greater than that occurring in
the ventral skin (Fig. 4).
The tyrosinase activity in the dorsal skin
showed a significant and almost two-fold in—
crease 24 hours postnatally (Table III). Com-
Age (days)
Animal
weight
Skin weight (g)
Total
Total
skio weight
.
Animal
weight,
(%)
neonatal 6.6 0.3 0.9 14.1 paratively, the dorsal enzymie activity, 211
1 7.8 0.5 1.1 13.6 19 T.TJ./mg skin, was 20.3% of the maximal
2 9.2 0.5 1.2 13.7 activity occurring at 5—13 days. No signifi-
3 11.4 0.7 1.7 14.6 cant alteration in ventral tyrosinase activity
4 12.3 0.7 2.0 16.1 was present. Thus, the mean tyrosinase ac-
5
6
7
8
12.1
15.3
16.5
18.3
0.7
1.1
1.2
1.2
2.2
3.1
3.4
4.0
17.9
20.3
20.5
22.1
tivity was 20 9 T.TJ./mg ventral skin for
the first 24 hours of life. Histologically, the
dorsal skin contained more melanin in the
9 22.2 1.7 5.4 25.6 hair follicles than at birth (Fig. 5). The degree
11 28.4 2.4 7.1 24.9 of ventral skin pigmentation was not dif-
13 32.4 3.1 8.9 26.9 ferent from the neonatal state (Fig. 6), eon-
20
27
41
69
58.0
76.0
145.7
259.0
3.9 10.1 15.4
4.1 111.1 13.5
7.2 21.7 14.9
12.1 34.1 13.2
firming the enzymie findings.
Although the dorsal skin tyrosinase aetivi-
ties gradually increased from two to four days,
statistical analysis demonstrated no significant
0.6
0.6
0.7
1.0
1.3
1.5
2.0
2.2
2.8
3.7
4.7
5.8
6.2
7.0
14.5
22.0
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TABLE III
Tyrosinase activity in the skin of black rats as a function of age
Age" (days)
Tyrosinase unitst' per sng skin Sperific activity'
Dorsal Ventral Dorsal Ventral
Neonatal 118 17 17 10 7.9 1.1 1.5 0.9
1 211± 19 24± 15 13.5± 1.2 2.0± 1.3
2 389± 71 50± 31 25.2± 4.6 4.0± 2.6
3 413± 94 56± 32 27.9± 6.4 4.6± 2.6
4 441± 109 90± 37 28.5± 7.1 7.6± 3.1
5 1092 180 284 105 72.1 12.0 22.1 8.2
6 939 325 372 170 63.7 22.0 26.4 12.1
7 1171 318 307 112 71.1 19.3 20.4 7.4
8 1025± 279 537 211 57.2 15.6 35.1 13.8
9 911 289 589 296 53.7 17.0 34.9 17.5
11 1083 207 817 313 61.5 11.8 52.7 20.2
13 1042 146 836 124 52.9 7.4 44.0 6.5
20 305 36 137 12 19.7 2.3 8.9 0.8
27 172± 12 77± 20 8.8± 0.6 4.7± 1.2
41 107± 10 84± 12 6.5± 0.6 6.7± 1.0
69 107± 10 84± 5 5.2± 0.5 4.0± 0.2
a Four animals per age group.
t' One tyrosinase uoit (T. U.): The amount of tyrosinase activity required to convert 1 picomole of
L-tyrosioe to inelaoin under the conditions of the described assay during a 16 hour incubation period
at 30 C. (3)
Specific activity: number of T. U. per pg protein nitrogen in enzyme preparation.
difference in these nge groups. All groups,
however, showed significantly inerensed tyro-
sinase activity (415 48 T.U./mg skin) when
compared with the above two younger age
groups. The mean enzymie activity now was
40.0% of the maximal activity present at
5—13 days. The ventral skin enzymic activity
also gradually increased in these two to four
dny old rats and was significantly different
from the younger animals. The mean activity
(66 19 T.U./mg skin) was 8.7% of the
maximum achieved in the ventral skin at
8—13 days. Histologically, the skin showed an
increase in melanin in both the dorsal and
ventral areas (Figs. 7 and 5), again confirming
the biochemical findings.
The maximal tyrosinase activity in the
dorsal skin occurred at 5—13 days of age
(Table III). These age groups were not sig-
nificantly different in cnzymic activity. As
the mean cnzymic activity was 1037 87
T.U./mg skin, this interval in skin develop-
ment was considered the 100% or maximal
tyrosinasc activity for the dorsal integument.
However, the ventral skin continued to show
delayed development of cnzymic activity even
in this series of age groups. From 5 to 7 days
the mean ventral skin level (321 70 T.TJ./mg
80'
70
60
fl9 50
40
30
20
10
0 4 12 20 28 36 44 52 60 68
AGE, days
Fm. 1. Variation in total integumental tyrosi-
nase activity levels with anatomic region and age
in the black rat. The incremental increase in en-
zymic activity after 27 days results from the
increase in size.
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5
AGE, days
FIG. 2. VariatiGn in total integumental tyrosinase activity levels per unit mass. After the
initial rapid development of maximal tyrosinase activity, which is correlated with the de-
velopment and growth of pigmented hair, an adult enzymie plateau level is achieved.
skin) was 42.1% of the maximal (100%) tyro-
sinase petivity present from 8 to 13 days,
763 111 T.T1./mg skin. These ventral skin
age groups were significantly different. How-
ever, no significant difference was present
within each age group.
Tyrosinase activity sharply and significantly
decreased at 20 days of age in both dorsal and
ventral skin to 29.3% (304 36 T.TJ./mg
skin) and 17.8% (136 12 TJJ./mg skin) of
the maximal level in each region, respectively.
A further decrease in enzymie activity to
16.6% (172 12 T.T1./mg skin) occurred in
the dorsal integument at 27 days. The ventral
skin tyrosinase activity achieved the basal
level characteristic of the adult at this time,
for the 27—69 day groups were not statistically
different. The mean ventral enzymie activity
(82 9 T.Ujmg skin) was 10.7% of the
maximal activity. The dorsal activity was
decreased to a significant constant low value
at 41—69 days of age in the dorsal integument,
107 7 T.TJ./mg skin or 10.3% of maximal
activity. The constant adult dorsal tyrosinase
level is similar to the neonatal level, hut the
constant adult ventral skin enzyme level is
greater than the neonatal level. At 41 and 69
days, statistically significant differences were
found between the enzymie activities in ven-
tral skin. Thus, even in the adult, the rate of
melanogenesis in the two anatomic regions
remained disparate.
Prior to 27 days of age, the tyrosinase ac-
tivity was always higher in the dorsal skin
than in the ventral skin. At 13 days of age,
the maximal activity in the ventral skin was
80.3% of that in the dorsal skin. Although the
enzymie activity in the ventral skin subse-
0 4 12 20 28 36 44 52 60 68
FIG. 3. Neonatal black rat, dorsal skin. Some melanin is present in the hair folheles
(black arrow). H-E.
Fie. 4. Neonatal black rat, ventral skin. The young hair follicles (white arrow) showed
very little melanin. H-E.
FIG. 5. One day old black rat, dorsal skin. The hair follicles (black arrow) now contain
more melanin and appear darker. H-E.
FIG. 6. One day old black rat, ventral skin. The hair follicles are more highly differen-
tiated than in the neonatal skin, but do aot ahow an increase in melanin content (white
arrow). H-E.
FIG. 7. Two day old black rat, dorsal skin. The hair follicles here are highly developed
and their melanin content is high (black arrow). The hairs are black. H-E.
FIG. 8. Two day old black rat, ventral skin. The melania is present in the ventral hair
follicles (black arrow) and is considerably greater than that present at birth. However,
even at two days of age, the ventral hair follicles contain less melanin than that present
in the dorsal hair follicles at birth, H-F.
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quently decreased, it always remained higher
than at birth. The specific activity of tyro-
TABLE IV
Incorporation of tyrosine carboxyl group by black
rat skin homogenates
Tyrosinase
activity (cpm/5
mg skin)
Tyro- Tyro-
sine-2- sine-i
i4C ..14c
mean = 8.3 + 0.5
° One enzyme preparation used per interval un-
less otherwise indicated in parentheses.
TABLE V
Rubcellular distribution of tyrosinase in black
rat skin homogenates
Age° (days) .Skin region
Tyiosinase activity
(cpm/5 mg skin) Soluble
tyrosinase
activity (%)
II P 5
neonatal dorsal 80 79 0 0
neonatal ventral 15 14 0 0
3 dorsal 245 240 0 0
3 ventral 35 36 0 0
5 dorsal 871 844 38 4.4
7 dorsal 915 860 45 4.9
9 dorsal 778 743 30 3.9
11 dorsal 703 650 40 5.7
11 ventral 489 473 22 4.5
13 dorsal 707 681 32 4.5
13 ventral 501 475 23 4.5
27 dorsal 110 108 0 0
27 ventral 50 48 0 0
69 ventral 49 51 0 0
TABLE VI
iStability of integumental tyrosinase in black rat
skin homogenates stored at 0°C
Age° (days) Skin region
Tyrosinase activity (cpm/
5 mg skin)
Fresh week weeks weeks weeks
neonatal dorsal 80 82 79 83 81
3 dorsal 245 240 250 248 255
11 dorsal 631 635 627 625 640
11 ventral 489 490 495 493 485
27 dorsal 110 105 109 115 112
27 ventral 50 48 53 49 47
41 dorsal 71 69 75 72 73
69 ventral 49 50 53 51 47
a See footnote a, Table IV.
sinase in both the dorsal and ventral skin
followed the above described age pattern.
Certain specific features of melanogenesis
in black rats are interesting. The mean in-
corporation of tyrosine without decarboxyla-
tion was 8.3 0.5%, 7.8 0.5% in dorsal
skin and 10.0 1.1% in ventral skin. This
appeared relatively independent of age in the
animals examined (Table IV). The signifi-
cance of carboxyl incorporation has been dis-
cussed previously (4). Further, soluble frac-
tion tyrosinase activity occurred only in
young black rats at the age range of maximal
enzymic activity (Table V). The mean soluble
tyrosiriase activity was 4.6 0.6%, 4.7 1.1%
in dorsal skin and 4.5% in ventral skin. In
addition, both dorsal and ventral skin tyro-
sinase activities were stable for several weeks
at 0°C (Table VI).
DISCUSSION
The integumental tyrosinase activity of
black rats is related to the degree of melanin
pigmentation from birth to 13 days of age;
however, the enzymic activity is inversely
related to age after this time. The decreased
tyrosinase activity may result from decreased
synthesis of the enzyme, increased concentra-
tion of inhibitor, decrease in activator or
covering of the active enzyme with the newly
synthesized melanin. Kukita (5), using C 57
black mice, found that after hair plucking,
tyrosinase was initially absent (1 to 3 days),
then appeared (4—14 days) but later (24 days)
tyrosinase again was not detectable. A similar
cycle of tyrosinase activity occurs during
Age° (days)
neonatal
3
4 (2)
5
6
7
8
9 (2)
11
13
13
27
27
69
69
Skin
region
dorsal
dorsal
dorsal
dorsal
dorsal
dorsal
dorsal
dorsal
dorsal
dorsal
ventral
dorsal
ventral
dorsal
ventral
Carboxyl incorporation
(%)
7.5
6.9
10.3
10.7
5.8
7.8
5.4
5.8
8.7
7.8
7.8
8.2
12.0
9.1
10.2
80
245
1215
281
1090
784
704
834
527
707
501
110
50
55
49
6
17
125
30
63
61
38
48
46
55
39
9
6
5
5
a See footnote a, Table IV.
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the ontogenetic development of chick retinal
melanin (6). No tyrosinase activity is de-
tectable in adult retina of Black Minorca or
Rhode Island Red chickens, C 57 black mouse
or adult human (7). Marsden (8) found a sim-
ilar age dependent cycle of tyrosinase activity
in the nucleus substantiac nigrac of the cat.
Kim et al (9) have demonstrated that during
stress-induced melanogencsis in goldfish, the
tyrosinase level is increased several-fold prior
to the appearance of newly synthesized melanin.
These findings indicate that tyrosinasc ac-
tivity increases during the initial phases of
melanin granule synthesis, but declines as
the granules become mature. It appears, there-
fore, that the tyrosinase activity measured at
any given time may represent only that
pigment in the process of synthesis at that
time. Thus, the quantity of newly synthesized
melanin is proportional to the tyrosinasc
activity at any given time. However, in very
young animals the total melanin may closely
approximate the total tyrosinasc activity as
most, if not all, the melanin present may still
be in the process of synthesis.
The net tyrosinase production in different
age groups may be evaluated if the measured
tyrosinase activity is proportional to the ac-
tual amount of tyrosinase present. The net
tyrosinase synthesis increases from birth to
13 days of age in both the dorsal and ventral
skin of the black rat. This is the period of
rapid pigmented hair growth. Tyrosinase
synthesis, however, is greater in the dorsal
skin than in the ventral skin. In the dorsal
skin a plateau of extremely high enzymic ac-
tivity occurs from 5—13 days. In the ventral
skin the period of peak activity begins later,
8 days, but as in the dorsal skin, terminates
at 13 days. After 13 days (maximal activity)
the net tyrosinase activity decreases in both
skin regions, indicating less de nova synthesis
of the enzyme, catabolism of the enzyme and/
or inactivation of the enzyme.
The tyrosinase activity was confined to
the particulate fraction of adult skin whereas
a small amount of cnzymic activity tempo-
rarily was present in the soluble fraction of
young black rat skin only during the period
of highest tyrosinase activity. In vertebrate
melanogenesis (2), the tyrosinase of amniotes
is characteristically associated with the par-
ticulate fraction. During the course of mela-
nm biosynthesis at the period of greatest
enzymic activity, the soluble tyrosinase pres-
ent may result from a combination of extremely
rapid enzyme synthesis coupled with a less
rapid arrangement of the enzyme upon the
ordered structure of the premclanosome (10).
Thus, a temporary "back-log" of tyrosinase
may be present and detectable in the soluble
fraction of skin homogenates.
It is of interest to consider the case of the
black rat enzyme preparations possessing a
low order of tyrosinase activity. The cnzymie
activity of the particulate fraction is greater
than the total activity in the homogenate,
thus theoretically requiring a negative enzymic
activity level in the soluble fraction, if heat-
inactivated controls are used. This suggests
the presence of a thermolabile "inhibitor"
in the soluble fraction. In addition, this
"inhibitor" would decrease the autoxidation
of tyrosine, dopa and their intermediates
into melanin. The presence of an inhibitor
would also explain the lack of melanogencsis
in albino rat skin which contains a small,
but real, tyrosinase activity level (2). A thcr—
mostable tyrosinase inhibitor has been re-
ported in the 5-91 mouse melanoma (11) as
well as in Fortner's amelanotic and melanotic
malignant hamster melanoma (12).
SUMMARY
The alterations in integumental tyrosinasc
activity with age were investigated in the
black rat. The parameters were the tyrosine-14C
radiometric assay of the enzyme in anatomic
regions, its subcellular distribution, and
relation of enzymic activity to the histologic
appearance of melanin. Four rats were sacri-
ficed at each of 16 intervals from birth to 69
days of age. Skin from dorsal and ventral re-
gions of each animal was fixed for histologic
study. Low enzyme activity levels were pres-
ent in the dorsal skin at birth when melanin
granules were few in number. The ventral skin
with no melanin contained an even lower
tyrosinasc activity. The dorsal skin showed
rapid development of enzyme activity
within 24 hours postnatally and achieved a
plateau level of maximal enzymic activity
(1037 87 TI].) at 5—13 days. The ventral
skin lagged in such development, but reached
the plateau (763 111 T.IJ.) at 8—13 days. At
41 days the cnzymic activity reached the
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low constant adult level in the dorsal region,
but the ventral region showed a continued
decrease in tyrosinase activity even at 69
days. Thus, even in the adult the rate of
melanogenesis remained disparate. Incorpora-
tion of the tyrosine carboxyl group into mela-
nin (5.3 0.5%) did not vary with age. In
addition, tyrosinase (4.6 0.6%) appeared in
the soluble fraction of the skin homogenates
only at the plateau period of high enzyme
activity; the particulate fraction otherwise
contained all enzymic activity. Rat tyrosinase
preparations stored at 0°C are stable for at
least 4 weeks. The presence of a soluble frac-
tion thermolabile tyrosinase "inhibitor" in
black rat skin is suggested.
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